An analysis of the global and local aromaticity was made for a series of hydrogenated fullerenes of the type C 60 H 2n (n = 1−6) at ab initio HF(Hartree-Fock)/3-21G level of theory, the isomers considered being obtained with an octahedral addition pattern. The relation between this addition pattern and the magnetic properties was established, showing low aromatic regions to be preferred for addition. These results show that local aromaticity, as shown by nucleus-independent chemical shift, can be used to predict addition sites in these systems.
In many chemical reactions, fullerenes behave as electron deficient alkenes [1] [2] [3] . From its chemical properties, no global aromaticity is expected for C 60 , and computed magnetic properties of closed-shell fullerenes show overall diamagnetic behaviour with sugnificant vatiations in local ring currents [4] [5] [6] [7] [8] [9] [10] .
After computation studies of the chemical reactivity of hydrofullerenes and substituted hydrofullerenes of the type C 60 H n [11] , C 60 HR [12] and C 70 HR [13] , the delocalisation that occured upon deprotonation of these systems has already been analysed [13, 14] . With C 60 H 2 and C 60 Ht-Bu already being proven belonging to the most acidic hydrocarbons [15, 16] , further modelling of the chemical behaviour can be achieved upon modification of the functional group R, and serve as starting material for further synthesis [17] .
Based on the expansion of C 60 upon its three rotational axes, three distinct series of cylindrical fullerenes can be constructed. The C 5 , C 3 and C 2 axes yield armchair, zigzag and chiral cylinders ("capped nanotubes") of signatures (5,5), (9,0) and (8,2), respectively [18] . These series have provided useful test sets for exploration of electronic structure [19] [20] [21] and elastic properties [22] . Also global and local aromaticities were recently described for these series [23] . Local aromaticity of a ring is described by its ability to support diamagnetic ring (i. e. diatropic) currents, which can be described by the nucleus-independent chemical shift (NICS) [24] . A more generally applicable model for local aromaticity, the so-called Pentagon-Proximity Model, could be derived, where the positioning of the pentagons in the system is seen to influence the whole pattern of local aromaticity for each system, as shown by ab initio NICS calculations. The overall magnetic structure can be understood in terms of a mechanical assembly of the counter-rotating rim and hub currents characteristics of circulene system such as coronene and corannulene [25] .
In this work, we analyse the global and local aromaticity upon multiple octahedral addition of hydrogen to C 60 in the series C 60 H 2n (n = 1−6). The relation between the local aromaticity, as denoted by NICS, with the addition pattern is highlighted.
After describing the computational details in Sect. 2, results will be detailed in Sect. 3 for the global (Sect. 3.1.) and the local aromaticities (Sect. 3.2.), and the relation with the addition pattern is discussed (Sect. 3.3.). Conclusions will be drawn in Sect. 4, together with the perspectives for further investigations.
Computational details
Structures were fully optimized at the AM1 (Austin Model 1) semiempirical level [26] using the MNDO (Modified Neglect of Differential Overlap) program [27] as a part of the graphical user interface UNICHEM [28] .
Global aromaticities were analyzed by considering HOMO-LUMO gaps and molecular magnetisablities. To investigate local aromaticities, NICS were calculated at all geometrical ring centers [24] .
All property calculations were performed at the ab initio HF/3-21G level using GAUSSIAN98 [29] . NICS values for all rings were computed at symmetry-distinct ring centers, using the GIAO (Gauge-Independent Atomic Orbital) method (for a review on the different methods to analyse magnetic properties we refer to [30] and the references therein), and magnetisabilities were evaluated at the same level using the CSGT (Continious Set of Gange Transformation) methodology [30] .
Results and Discussion

G l o b a l A r o m a t i c i t y .
All the systems studied in this work are a part of the C 60 H 2n (n = 1−6) series, considering octahedral addition patterns. They are listed in Table 1 , together with their symmetries and numbering [31] . All systems are constructed from addition to one or more of six octahedrally positioned hexagon-hexagon edges, each part of a distinct pyracylenic unit. Also the calculated energies are given in Table 1 , with isomers listed in order of increasing energy, found to be consistent with previous semi-empirical calculations [32] . As different isomers can be formed from the previous series member, following relations exist between isomers: starting from 1,2-C 60 H 2 , two distinct isomers for C 60 H 4 (systems (3) and (4)) can be formed.
Further addition to the former can yield all three C 60 H 6 isomers, but the latter can only give (6) and (7). Finally, the first C 60 H 6 isomer (5) can only form (8) , whereas the others can each form both C 60 H 8 isomers, which in turn yield the unique isomers for C 60 H 10 and C 60 H 12 upon further hydrogenation. The global aromaticity for these system was described with the HOMO-LUMO gap, the kinetic stability T [33] , and molecular magnetisabilities, as given in Table 2 . As the HOMO-LUMO gap, ∆, is an estimate of the chemical hardness [34] , and the latter property has been proposed as a measure of the global aromaticity [34] [35] [36] [37] [38] (for recent reviews on the use of DFT (Density Function Theory) -based reactivity and stability descriptors, see references [39] [40] [41] , we can see from Table 2 that the trend in energy ( Table 1) coincides with the band gap. Indeep, the lower the energy, the higher the band gap, indicating a higher global aromaticity. From these most stable isomers, we can see a clear increase in band gap up to C 60 H 6 (system (5)), followed by a decrease upon increasing hydrogenation. The magnetisabilities show exactly the same trend, and also show decreasing global aromaticity with increasing energy when comparing isomers.
The size dependence of the band gap can be removed by simple multiplication of ∆ by the number of conjugated atoms to give the so-called "kinetic stability", T [33] . This quantity was recently found to correlate with the minimum Bond Resonance Energy (min BRE) in a fullerene, and both T and min BRE have been proposed as useful measures for the chemical reactivity of fullerene systems [33] . The kinetic stability (given in Table 2 , together with the number of conjugated atoms) gives a general decrease between and within isomers, but with (5) again as a more aromatic exception.
In the next Section, local aromaticity will be analysed in order to gain insight in the possible addition patterns. Figure modified Schlegel forms are presented with the NICS, calculated for all rings at the geometrical ring centers, as an evaluation of the local aromaticity. From these values, significant differences with the values for C 60 can be seen in the addition region (the NICS of C 60 are +5.1 ppm for the pentagons and −6.8 ppm for the hexagons). Starting from a picture of diamagnetic hexagons and paramagnetic pentagons, addition of two hydrogens on a bond to form 1,2-C 60 H 2 , makes the four rings of the pyracylenic unit to become non-aromatic. On the other hand, 4 benzenoid rings are created, adjacent to this pyracylenic unit. Adding another pair of hydrogens can now be expected to occur in such a way as to reinforce this local magnetic pattern, rather than to undo it. As seen from the NICS for C 60 H 4 , again 4 benzenoid rings are now created around the second added pair. Two of these are shared with the first addition in (3), indeed showing higher NICS values obtained for the various fullerenes in the 3-21G basis at the AMI geometries (ppm) (numbering, see Table 1 ).
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Физика твердого тела, 2002, том 44, вып. 3 NICS, as compared to (4). The same applies to the possible isomers of C 60 H 6 and C 60 H 8 , showing more negative NICS, and thus higher local aromaticity, for the isomers with higher global aromaticity (see Sect. 3.1). Furthermore, we can see three benzonid rings having the highest NICS value found (−11.6 ppm) for isomer (5) of C 60 H 6 , consistent with the results found for the global aromaticity (see Table 1 ).
Upon increasing octahedral addition, a pattern appears where 8 isolated benzenoid rings are created, surrounded by non-aromatic pentagons and hexagons at the hydrogenated pyracylenic units. Such substructures were already detected in the analysis of the local aromaticity for cylindrical fullerenes [23] , described in terms of recent results for coronene and corannulene [25] .
2.3. R e l a t i o n w i t h t h e a d d i t i o n p a t t e r n . From a chemical point of view, addition to the C 60 cage will occur at the most reactive bond, expected to be situated in the electronically most localised region of the system. Formulated in terms of magnetic properties, such a region could be expected to show the lowest local aromaticity or antiaromaticity, marked by higher NICS values for the hexagons and lower NICS values for the pentagons involved in the corresponding addition site. From the results in Figure, it is seen that consecutive octahedral addition indeed occuring at the pyracylenic site with the pentagon with lowest NICS, will yield the isomer having the highest global aromaticity. Furthermore, in most cases, this addition site also involves the hexagon with lowest aromaticity (less negative NICS). In this way, the site having the lowest local delocalisation is indeed found to yield, upon addition, the most stable isomer, being the addition product with highest global aromaticity.
The global and local aromaticities were described for a number of hydrogenated fullerenes of the type C 60 H 2n (n = 1−6), obtained by octahedral addition. First increasing in global aromatic character upon increasing hydrogenation, a decrease is noted from C 60 H 6 on, considering the most stable isomer of each series member, having the highest global aromaticity as well as the lowest energy. From the results for the local aromaticity, as predicted by NICS, calculated at all geometrical ring centers, significant variations can be seen for the hydrogenated fullerenes as compared to C 60 . Upon higher hydrogenation, a set of benzenoid rings can be detected, with higher local aromaticities occurring for the isomers with higher global aromaticity. Furthermore, the additions are seen to occur at the site with lowest local delocalisation, as described by NICS. Indeed, consecutive octahedral additions occurring at the site comprising the less anti-aromatic pentagon, gives the most stable isomer of the next series member.
From these results it can be stated that consideration of the local aromaticity, as monitored by NICS, can contribute to predict multiple addition sites for substituted closed-shell fullerenes. As NICS describes the local aromaticity of the system, regions with smaller aromaticity, and thus smaller delocalisation are mapped. Together with considerations of the aromaticity pattern of the addition product, a clear evaluation of the preferential isomer can be made. In further investigations, this methodology will be applied to a broad range of functionalised fullerenes, including C 70 and C 76 derivatives, as well as charged fullerenes.
